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関する研究


















































































































































































































































































































































































































































'-1(L) c~}P1 0>) 'H +; b!) ~~:~ 





~ (t) ~ o ,¥ ~:~ ~ 
~:: ~ ;*
'~ ~ ~~as~ 
~ 
<: 















'-' '~ H ~t ¥/ '-' aS C~ <C: <1 
t~t~ a)c~i cbQb 
crDH 
O QO ~l 
IH 
~ c¥] 
~F o H c¥~ 
o cOt~ c~ 
Lo cO 



























~ c~ l~ 










aS ~ ~ ~r 






























































Fig. 1-1-2. Original scale ofa Japanese charr 194mm SL, showing 3 
growth and 2 resting zones. 
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e : Male 
O : Female 
HL=0.30SL-9.98 
(n=118, r=0.982, p<0.05) 
HL=0.26SL-5.39 
(n= 73, r=0.941, p<0.05) oo 
e 







Standard length (mm) 
300 
Fig. 1-1-3. Relationship between standard length and head length of the adult 
Japanese charr in the uncontrol reaches of the Jadani Stream. 
19 
Fig. 1-1-4. Growth of the scale of a Japanese charr with 2growth and I resting 
zones at the time of mark and release (1eft: 2 growth and I resting zones 
in June 1986; middle: 2 growth and 2 resting zones in June 1987; right: 
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Fig. 1-1-5. Seasonal and annual changes in the number of growth and resting 
zones on the scales of the Japanese charr with 3 zones (2 growth and 1 
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After 3 years 
Fi g . 1-1-6. Seasonal and annual changes in the nunrber of growth and resting 
zones on the scales of the Japanese charr with 4 zones (2 growth and 2 


















































































































































































































Table 1-2-1. Specific growth rate (o/o) ofthe recaptured Japanese 
charr in the uncontrol reaches of the Jadani Stream. 
Specific growth rate ("/~/day in SL)* 














0.026 - 0.348 
- .054 - 0.061 
-0. 30 - 0.030 








O - 0.294 








0.080 - 0.172 
- .022 - 0.145 
* alculated from specifrc growth rate=aogeL2-logeL 1) /t2- tl 




: SL at the mark and release 
: SL at the recapture 
: day at the mark and release 
: day at the recapture 
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he O-o Uncontrol reaches Reduced reaches 
1984 
year class 
* n 9 
3 
** n 35 
23 

























1"~'r "r " " 

























JA N 1986 JA N 1987 JA 1988 N J A 1989 N 
Significantly different in ANOVA (***p<0.001, ****p<0 OOO1) 
Significantly different in t-test (~ p<0.05, *n*p<0.01) 
Fig. 1-2-2. Growth of each year class of the Japanese charr in the uncontrol 
and reduced reaches of the Jadani Stream. 
38 
(a) Uncontrol 
re ache s 
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Standard length (mm) 
200 300 
Fig. 1-2-3. Body length and age compositions of the well ripen Japanese 
charr ( l) in the uncontrol and reduced reaches of the Jadani 




















































































































































Fig. 1-3-1. Seasonal and annual changes in the estimated number of the Japanese 
charr (1+and older) by Jolly-Seber method in the upper site of the Jadani 
Stream from November 1984 to August 1989. 
Virtical lines show the standard deviations. Broken lines show the 
means of the estimated numbers from November 1984 to August 1986 and 
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Fig. 1-3-2. Seasonal and annual changes in the standard length and age 
compositions of the Japanese charr caught in the upper site of the 
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Nov . Jun. Aug. 
1989 
Fig. 1-3-3. Seasonal and annual changes in the number of the Japanese charr 
(1+and older) in the uncontrol and reduced reaches of the Jadani Stream 
from August 1986 to August 1989 . 
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Fig. 1-3-4. Seasonal and annual changes in the density ofthe Japanese charr 
(1+ and older) in the uncontrol and reduced reaches of the Jadani Stream 
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Fig. 1-3-5. Seasonal and annual changes in the standing stock of the Japanese 
charr (1+ and older) in the uncontrol and reduced reaches of the Jadani 
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Fig. 1-3-6. Seasonal and annual changes in the standard length and age compositions 
of the Japanese charr caught in the uncontrol and reduced reaches of the Jadani 
Stream from June 1986 to November 1989. 
Significance for the ratio difference of younger fish (0+and 1+) between both 
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Table 1-4-2. Body length and specific growth rate (meandl SD) of the resident 
and moved adult (2+ and older) Japanese charr during each study 
period in the uncontrol and reduced reaches of the Jadani Stream. 
Body length (mm)*1 
Re ache s Period 





212.81!: 29.5 (n=48) 
194.6l~ 26.5 (n=42) 
191.7 :!: 23.8 (n=40) 
219.2i 32.0 (n=41) 
203.3i 30. I (n=30) 
206.3 i 26.6 (n=29) 




216.91!:23.2 (n= 9) 
183.2i 27.4 (n=10) 
201.81!:13.5 (n= 5) 
202.5i 27.4 (n=13) 
206.5 :~ 40.9 (n=14) 
191.3i 32.3 (n=1 1) 






0.030 I!: 0.049 (n=48) 
0.034:t 0.033 (n=42) 
0.023 Ii: 0.016 (n=40) 
0.048~ O. 139 (n=41) 
0.043i0.039 (n=30) 




Winter-S p ring 
0.0141!:0.027 (n= 9) 
0.042d: 0.021 (n=10) 
0.022lt0.008 (n= 5) 
0.037i0.146 (n=13) 
0.065d:0.079 (n=14) 
0.029 :b 0.029 (n= 1 1) 
*1 Standard length at the time ofmark and release 
*2 Calculated from specific growth rate=GogeL2-10geL l) /t2- tl 
where L I : SL at the mark and release 
L2 : SL at the recapture 
tl : day at the mark and release 
t2 : day at the recapture 
*3 Significantly different (p<0.05) in Mann-Whitney U-test 
64 
~~1:; ~(:)>(D ~Io~ 'L)(1)~+; 






c:1 ~ ,o . ~~'~ ,_,(D~(Dp~ 
e)e)H>) ~'~~:; ~;~F; c'~+9 ~;-H (') 
+Flc~; oop~~~c'c~S 
C¥](:)(D 'J~e~O ~:::aSF: 
FS (,) '~ ~:Ie)FS c~~~~; 
(1)+)cQ ~:F~(1) ~::~:~~H~:: 
o F~ '~ ,~(D ~~0~5~; ~)'H Ft ~~~C::;~ ~~HCOO~ ~~O~~ ~f CD ~~C'D ~;~~~ ~tc!)~1~ F~C~ 



























.~ .~ CS) LO 
rl rl CYD C:) ¥-' '~ C,) CO 
'~ 1~ ~M LO OO CO C,) CYD 'J ¥_-CYD tO 
,~ '-. C~~ LO 
C~~ eC) ~li LO '-' '~ (;) CYD rH rl 
'~ .~ OO l!) 
I~ CYD IJO ~N ¥j '-' C~ O C~~ IH 
(:) e)~ _ c~c:; ~ ~:~ 




,~ ~* COLO LO l~ LO '~ '~ lO LO IH 
~ o ~FLo ~F c¥] ~r 
- ･~ Lo ~r 
/~ -CO O CO O ~r l(:) - V' O O:) (:~] 
'~ ~+ C¥~ O IH O IJO l(:) J .J IH (:) C¥~ 




.~ ,-. ~ I~ ~r LO CO CO ¥-' '~ rl ~O rl 
･~ ,~ QO CO LO ~r CrD IH '-' 'J CS) IH 
,~ ･--~ (:) 
CO CO ,J:) C1:) ~ ¥l i~ t~ 
/~ ,~ Q:) fl 
CYD fl ~f, C:) ,~* ~' CfD rl fl IFI 












~H In O Iv 
~H 










































100 300 500 n= 1 6 
Upstream (m) 
._~~_ 
1512m 1290m 1000m ._~ 640m 
Fig. 1-4-1. Directions and distances which the adult (2+ and older Japanese 
charr moved during each study period from 1986 to 1989 in the 




















(a) Uncontrol reaches (b) Reduced reaches 
y=-1.2lx+79.8, n=19, r=-0.324, 100 y= o 35x+74 1 n 7 r o 229 
O O e o 
~ ~ { ~ O 
~ 
(:) Longitudinal length (m) ~:; Longitudinal length (m) .* (,2 
e) 
~I 




O O ~O O 
O 
2 1 
Maximum depth (m) Maximum depth (m) 
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Fig. 1-4-2. Relationships between longitudinal length and maximum 
depth of pools and ratios of the resident adult (2+and older) 
Japanese charr in each pool wthin a year from the previous 
captures in the uncontrol and redused reaches of the Jadani 
Stream. 
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Fig. 1-4-3. Individual residency and movement of the adult (2+and older) 
Japanese charr in the uncontrol and reduced reaches of the Jadani 
Stream. 
R1, R2 and R3 show the first, second and third recapture, 
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2-1-3. Relationships between environmental factors 
and number of redds for the Japanese charr in the 
tributaries of the Kinu River. 
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Fig. 2-1-4. Relationships between environmental factors 
and density of redds for the Japanese charr in the 
tributaries of the Kinu River. 
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Fig. 2-2-1. Schema of the longitudinal section of spawning redd 
of the Japanese charr and the masu salmon. 
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PE FR RR 
-11~ Pool Stream bed Boulder oody 
debris 
PS j) 
-~~ r~ ~ 
bedrock BO 
Fig. 2-2-2. Schema ofthe longitudinal section (upper) and plain 
view (lower) of spawning site of the Japanese charr and 
the masu salmon. 
PE. FR, RR. PS, and BO show pool end, flat 
riffle, rapid riffle, pool shore, and backwater of 
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Fig. 2-2-3. Frequency distributions of water depth (a), current velocity (b), 
substrate size (c), and stream bed type (d) of spawning redds of the 
Japanese charr (closed bars) and the masu salmon (open bars). 
Virtical lines in the substrate sizes show the standard deviations. 
PE, FR, RR, PS and BO in the stream bed type show pool end, 
flat riffle, rapid riffle, pool shore and backwater of obstructions 
































































































































































































































Fig. 2-3-1. Schema of the longitudinal section of rapid riffle before 
construction (upper) and constructed artificial spawningsite 
(lower) for the Japanese charr. 
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Fig. 2-3-2. Before (upper) and after Cower) construction of the artificial 
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Fig. 2-3-3. Distribution of egg pockets of the Japanese charr at the 
artificial and natural spawning sites in a tributary of the 
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Fig. 2-3-4. Number ofeggs (upper) and ratio ofeyed eggs Gower) 
per a egg pocket of the Japanese charr at the artificial and 
natural spawning sites in a tributary of the Kinu River. 
ASS and NSS show the artificial spawning site and 
natural spawning site, respectively. Solid circles, boxes, 







































































































































































































N O ~ 2Km 
~ Distnbutron of the charr 
Fig. 3-1-1. Map ofthe study area and distribution ofthe Japanese charr 
in the Yunishi Stream. 
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~~lu~~JEE : Eyed eggs 
D : Fry 
E~l~~TIFA : Fry and adults 
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II'* : Dam with fish way 
:T : Water fall 





<1989 F Furiugisawa I~60 ee 1938 Kuriyamasawa 
1971 l~ 
<1940 E~i Magonsawa 
~: Hashidatesawa 
Fig.3-1-2. Locations of stocking of the hatchery-reared charr and the barriers for 
upstreammovements of fish in the Yunishi Stream. 
Waterfalls and dams surrounded by circles show barriers for upstream 
movements of the the stocked fish and numbers beside the dams show the 
years of construction. 
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Fig. 3-1-3. Distribution of the local, hybrid and uncertain charr populations 
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Fig. 3-1-4. Length distribution of the reaches where the local charr 
populations were estimated to inhabit. 
Upper (a) shows the distribution of total length of the 
reaches. Lower (b) shows the length distribution of divided 
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Fig. 3-2-1. Sampling area in the study. 
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(d) Pored scales 
River System River or stream n 
No. of pored scales 
lro 115 120 125 130 135 
Tedori Jadani 30 
Tone Hachigasawa 20 
Naka Hohki (total) Hohki (10cal) 
97 
81 
(e) Dorsal fin rays 
River System River or stream n 
Tedori Jadani 30 
No. of dorsal fin rays 
11 12 13 14 15 






(~ Anal fin rays 
River System River or stream n 9
No. of 
10 
anal fin rays 
11 12 
Tedori Jadani 30 






Fig. 3-2-2-2. Meristic counts and morphoric measurements ofthe Japanese 
charr collected from Tedori River, Tone River and Naka River Systems. 
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(g) White spots under lateral line 
River System River or stream n 
No . 
10
of white spots under lateral line 
20 30 40 50 60 70 






(h) Dia. of white spots/dia. of pupil 
River System River or stream n 
Dia. 
0.35 
of white spots/dia. of pupil 
0.45 0.55 0.65 






Fig. 3-2-2-3. Meristic counts and morphoric measurements ofthe Japanese 
charr collected from Tedori River, Tone River and Naka River Systems. 
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(a) Vertebrae No. of vertebrae 










59 60 61 62 63 64 
[I] 
Moto-okashirasawa (10wer)*2 16 





River Stream n 13 
No. of gill rakers 










Moto-okashirasawa Cower) 16 
(c) Pyloric caeca 
River Stream n 
No. of pyloric caeca 












Moto-okashirasawa Cower) 16 
Fig. 3-2-3-1. Meristic counts and morphoric measurements ofthe Japanese 
charr collected from tributaries of the Hohki River, Naka River System 
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(d) Pored scales 
River Stream n 
No. of pored scales 
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(e) Dorsal fin rays 
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EIll 
Fig. 3-2-3-2. Meristic counts and morphoric measurements ofthe Japanese 
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Fig. 4-1. Stream management for the enhancement and conservation 
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要旨
　イワナS伽副郷s　J8％ω耀翻sはユーラシア大陸の東岸周辺に生息するサケ科魚類の一種
で，日本列島では北海道から中国地方にかけて分布する．本種はかつては山間部の食糧と
して消費されていたが，現在では遊漁の対象として重要である．しかし近年では，生息環
境の悪化，漁獲圧の増大等により資源は減少傾向にあり，増殖が期待されている．本研究
ではイワナの保護増殖手法を検討するため，本種の個体群動態，産卵生態，在来個体群の
生息分布および形態変異にっいて調査・研究を行った．
　第1章では，石川県手取川水系尾添川支流蛇谷の禁漁区（流程約4．7㎞）における，1984
～1989年の6年間の個体識別した標識再捕調査（放流2328個体，再捕734個体）のデ
ータより個体群動態を解析した．イワナの鱗は高齢魚ほど成長帯・休止帯が形成されにく
く，鱗による年齢査定は2歳以降信頼性が低かった．成長は個体差が大きく，多くの個体
で2歳以降停滞した．雌雄ともに早熟な個体は1歳の秋に成熟するが，多くは2歳以降
に成熟した．禁漁区上流部（流程約1．4㎞）に生息するJolly・Seber法による1歳以上の
推定個体数は，1983年4月の禁漁後，1984年11月から1986年8月までは48～310個
体であったが，1986年11月以降487～1516個体に増加した．生息密度は禁漁区全体で
1986年11月以降2．5～9．2個体／100㎡，現存量は0．27～1．23kg／100nfであった．夏
（6～8月），秋（8～11月），冬春（11～6月）ともに2歳以上の標識個体の31．3～58．3％
が放流時と同じ淵で再捕され，季節移動は認められなかった．各季節の移動距離は平均139
～502mで，最高3796mであった．淵での定着率は淵の長さや深さと相関はなく，カバー
のある淵で高かった．初回の再捕時に定着していた個体はその後も高い頻度で定着し，初
回の再捕時に移動していた個体は次回の再捕時も高い頻度で移動していた．定着個体と移
動個体とで体長，成長率に差はなく，雌雄差もなかった．
170
　第2章では，栃木県利根川水系鬼怒川本流と7支流における1991～1994年の4年間の
観察・採捕調査のデータを解析し，同所的に生息するヤマメ0鰐07伽ohπs“2召so％耀so銘
とイワナの産卵生態を比較検討した．また，1996年に同水域で人工産卵場の造成技術を
開発した．イワナの産卵床はヤマメに比べて本流よりも支流に偏って分布していた．また，
支流への産卵遡上数はヤマメに比べてイワナのほうが多かった．イワナの産卵床数は本流
の遡上阻害物（砂防・治山堰堤，取水ダム，滝等）のすぐ下流に流入する支流や，本流と
の合流点から最初の遡上阻害物までの距離の長い支流ほど多かった．イワナとヤマメで産
卵床の水深，底質に差はなかったが，流速はイワナのほうが小さかった．また，ヤマメは
淵尻や平瀬，早瀬で産卵するのに対して，イワナは渕尻や瀬だけでなく、淵・瀬の物陰や
渕の脇でも産卵していた．自然の産卵場の環境条件を再現するように人工産卵場を造成し，
イワナの産卵と産着卵の発眼・ふ化を確認した．1卵室当たりの産着卵数は自然の産卵床
と差がなく，発眼率は自然の産卵床に比べて高かった．また，ふ化率は自然の産卵床と差
がなかった．
　第3章では，鬼怒川支流湯西川と栃木県那珂川水系箒川における1992～1995年の聞き
取り調査と形態のデータを解析し，在来個体群の生息分布と形態変異を検討した．人工種
苗の放流実績（放流年，放流場所）と遡上阻害物の位置関係から，湯西川ではイワナ在来
個体群は少数の支流の遡上阻害物の上流に生息していると推測された．また，生息水域の
流程は平均約1560mと短く，その多くが堰堤でさらに500m未満に短く分断されていた．
在来個体群と推定された箒川の4支流のイワナについて形態を比較したところ，脊椎骨数，
鯉絶数，幽門垂数，側線有孔鱗数，磐鰭軟条数，側線下白点数，白点径の瞳孔径比に支流
間で相違が認められた．
　以上の結果を総括し，イワナの保護増殖手法を考察した．イワナの産卵保護のためには
支流の禁漁や本流から支流への移動性の確保を図る必要があると考えられた．また，堰堤
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等のために本流からの遡上距離が短い支流では人工産卵場の造成により繁殖成功率を増大
できると考えられた．在来個体群保護のためには放流魚の遡上を阻害している支流の堰堤
に魚道を設置しないほうが良いと考えられた．ただし，在来個体群の生息水域内に建設さ
れた堰堤には魚道を設置して移動性を確保する必要があると考えられた．また，多くの在
来個体群にっいて堰堤による人為的隔離後の遺伝的多様性の低下が懸念されるので，今後
集団遺伝学的研究を行う必要があると考えられた．
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